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Goal

Exploit the panel structure to produce a flexible, time-varying clustering.

A Hidden Markov Model is used for the cluster transitions.
A mixture model with time-varying parameters is used for the observations.

An application to bank data exemplifies the usefulness for regulatory supervision.
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The model in a few equations
Mixture model of the data:

y it = μμμcit ,t + εεεit , εεεit |cit ∼ t(0,Σcit ,t , νcit )

and time-varying mean and variances of the form:

μμμj,t+1 = μμμjt + A1Sμμμjt ,t · ∇μμμjt ,t

with cit being cluster assignments following the HMM:

P(ci,t+1 = k |cit = j) =
exp(−γd̃jk ,t−1)∑J

q=1 exp(−γd̃jq,t−1)

where d̃jq,t is a distance measure between cluster means μμμjt and μμμkt .

Dynamic Clustering of Multivariate Panel Data 2 / 5



Simulation
We simulate elliptical trajectories for two clusters.

We greatly outperform hierarchical clustering both on classification and tracking of the

means.

t = 0

t = 0
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Empirical application

12 bank-level accounting indicators from

SNL Financial 2008Q1-2018Q2.

6 clusters, selected by well-known

indices (silhouette and Davis-Bouldin).

We find clusters with strong trends in

their composition.

They roughly align with the business

models identified by the ECB’s SSM.

The trends can be explained by the

profitability of each business model.
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Conclusion

We introduce a novel model for studying time-varying group structures in multivariate

panel data.

It combines unsupervised learning (of the unknown groups) with the time-varying

parameters models.

It produces accurate results in simulations.

The application to bank business models provides new insights into the dynamics of

the sector in Europe.

Dynamic Clustering of Multivariate Panel Data 5 / 5


